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Outline


Service Work


Working on the offline Muon 
Monitoring effort of the 

University of Illinois


Physics Analysis

In Top-Physics Group


Plans


(very loose)

Work plan proposal


Fake backgrounds in the production 
cross-section measurement of t-tbar.


Search for flavor changing neutral 
currents in top-quark decays.
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Muon Offline Monitoring


I have worked in the development of the infrastructure of the  
offline muon DQ monitoring, since its very early stages.
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Muon Offline Monitoring


I have worked in the development of the infrastructure of the  
offline muon DQ monitoring, since its very early stages.


Muon Raw Data	
   Muon Segments	
   Muon Tracks	
   Muon Physics	
  

Mainly in muon track monitoring


Study stand-alone tracks by monitoring reconstructed quantities: 
hit multiplicity, hit residuals, track χ2, etc.


It also works as a probe for calibration and 

alignment constants, and hardware performance.


Also made smaller contributions to detector and segment level.
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Muon Offline Monitoring


Main duties:


Code development & maintenance


Manager of the 

MuonTrackMonitoring package running 


at Tier0 for the histogram production
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Duties @ Muon Offline Monitoring


Web Display


Selection of histograms to be checked by the shifter.

Implementation of algorithms for automatic flagging of histograms.
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Duties @ Muon Offline Monitoring


Web Display


Selection of histograms to be checked by 
the shifter.


Implementation of algorithms for 
automatic flagging of histograms.


Documentation, Tutorials & Offline Coordination


Maintain & update the documentation for shifters.

https://twiki.cern.ch/twiki/bin/viewauth/Atlas/MuonTrackOfflineMonitoringPlots
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Duties @ Muon Offline Monitoring


Web Display


Selection of histograms to be checked by 
the shifter.
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automatic flagging of histograms.
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A few tutorials given in workshops organized by the Muon Group.

https://indico.cern.ch/conferenceDisplay.py?confId=103772
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Duties @ Muon Offline Monitoring


Web Display


Selection of histograms to be checked by 
the shifter.


Implementation of algorithms for 
automatic flagging of histograms.


Documentation, Tutorials & Offline Coordination


Maintain & update the documentation for shifters.


A few tutorials given in workshops organized by the Muon Group.


Presenting status reports in Muon Weeks, and other more frequent meetings 
in the Muon Group.


Author of the Track Monitoring section of the INT note written to document 
the early work done on the offline monitoring.


Being in contact with muon tracking experts to report and help identify bugs, 
and/or understand features in the reconstruction algorithms.


As of the end of last year, I was one of the Muon Operation Coordinators.
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Duties @ Muon Offline Monitoring


Web Display


Selection of histograms to be checked by 
the shifter.


Implementation of algorithms for 
automatic flagging of histograms.


Documentation, Tutorials 

& Offline Coordination


Maintain & update the documentation for 
shifters.


A few tutorials given in workshops 
organized by the Muon Group.

Muon Operation Coordinators.
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Examples of Muon Offline Monitoring


Implementation of 

Trigger Aware Monitoring
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Examples of Muon Offline Monitoring


Monitoring of 

alignment corrections
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Examples of Muon Offline Monitoring


First look at Muons with 

7TeV collisions
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Examples of Muon Offline Monitoring


Validation of data reprocessing
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The Top quark, the heaviest known elementary 
particle, provides an interesting probe of the 

Standard Model. 


Furthermore, because of its large mass, provides a 
window onto physics beyond the Standard Model.


Top Physics: Introduction & Motivation
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Top Quark Pair Production Cross Section


This measurement, in different decay modes, is a sensitive test of 
the Standard Model description of the Top Quark. 


A measured cross section that differs from the Standard Model 
prediction can be a sign of new physics, plus top quark pair 

production is an important background in many searches for 
physics beyond the Standard Model.
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The top is predicted to decay nearly 100% of the 
times into a W boson and a b-quark
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Measured main 
background in our 

analysis


Flavor Changing Neutral Currents

Deviations from the decay and production predictions from the 

Standard Model give a model-independent test for physics beyond 
Standard Model.


We search for 

Flavor Changing Neutral Currents


in top quark decays.

Top quark pair production events: with one top quark decaying through  

tqZ, 

and the other through the Standard Model dominant mode  tbW.


Thesis work

Performed full analysis
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Recovers areas of inefficiency in the 
standard lepton identification algorithms, 

and selects a fraction of hadronic tau decays.


High quality inner detector track


Large Transverse Momentum


|η| < 2.4


Isolated in the inner detector 
(from nearby tracks)


Inner detector hit requirements
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Events are selected by inclusive single electron or muon trigger.


Requirements on missing transverse energy, di-lepton invariant mass, and 
scalar pT sum of all selected jets and leptons are optimized to minimize the 

expected total uncertainty on the cross section  measurement.


We have 3 orthogonal selections combined in the final result


Non-b-tag

lepton + track


Non-b-tag

2 leptons 


b-tag

2 leptons 


e+track, µ+track

Select a pair of opposite 
signed lepton and track.


ee, eµ, µµ	


Select a pair of opposite 

signed leptons.


ee, eµ, µµ	


Select a pair of opposite 

signed leptons.

Require at least one 


b-tagged jet
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Events are selected by inclusive single electron or muon trigger.


Requirements on missing transverse energy, di-lepton invariant mass, and 
scalar pT sum of all selected jets and leptons are optimized to minimize the 

expected total uncertainty on the cross section  measurement.


We have 3 orthogonal selections combined in the final result


Non-b-tag

lepton + track


Non-b-tag

2 leptons 


b-tag

2 leptons 


e+track, µ+track

Select a pair of opposite 
signed lepton and track.


ee, eµ, µµ	


Select a pair of opposite 

signed leptons.


ee, eµ, µµ	


Select a pair of opposite 

signed leptons.

Require at least one 


b-tagged jet


The selected track is orthogonal

 to other leptons in the event
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Non-b-tag Lepton + track


o  Select a pair of opposite signed lepton and track.


o  at least 2  jets with large transverse momenta


o  To reject backgrounds from vector-meson decays:

invariant mass > 15 GeV


o  To suppress background from Z/γ*+jets :

|invariant mass – mZ| > 10 GeV


o  Large missing transverse energy (>45 GeV)


o  Large scalar pT sum of selected objects (>150 GeV)
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Backgrounds
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Monte Carlo 
backgrounds


Dibosons (WW, WZ, ZZ)

Single top


Z/γ*  ττ + jets


Background contributions from Drell-Yan and fake track leptons are calculated with 
data-driven methods other backgrounds are determined using Monte Carlo samples
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Monte Carlo 
backgrounds


Dibosons (WW, WZ, ZZ)

Single top


Z/γ*  ττ + jets


Drell-Yan


Use a Control Region to 
compute a normalization 


factor between 

data and Monte Carlo


Then apply the normalization factor in Monte Carlo Signal Region:


Background contributions from Drell-Yan and fake track leptons are calculated with 
data-driven methods other backgrounds are determined using Monte Carlo samples
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Monte Carlo 
backgrounds


Dibosons (WW, WZ, ZZ)

Single top


Z/γ*  ττ + jets


Drell-Yan


Use a Control Region to compute 
a normalization 

factor between 


data and Monte Carlo


fakes


Measure fake rates of tracks 
coming from jets in a γ+jets 

control region.


Select lepton+jets 
events in data, and 

add the fake 
probability per jet.


Background contributions from Drell-Yan and fake track leptons are calculated with 
data-driven methods other backgrounds are determined using Monte Carlo samples
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Backgrounds


17


fakes: strategy

We measure the probability that a jet fakes a track 


€ 

Fake Rate pT , NPVX( ) =
(pT, NPVX ) of all selected tracks

(pT , NPVX ) of all ID jets & jet − elements
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Backgrounds
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fakes: strategy

We measure the probability that a jet fakes a track 


We do this in γ+jets events from data (Photon trigger, high pT, isolated photon)
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Backgrounds
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fakes: strategy

We measure the probability that a jet fakes a track 


€ 

Prediction =  Jets(pT ,NPVX ) × Fake Rate(pT ,NPVX )
(pT ,NPVX )
∑
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Backgrounds
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fakes: strategy

We measure the probability that a jet fakes a track 


Finally, the prediction must be multiplied by the fraction of fake 
tracks that have opposite charge the the lepton. This fraction is 

taken from MC in each jet multiplicity.

€ 

Prediction =  Jets(pT ,NPVX ) × Fake Rate(pT ,NPVX )
(pT ,NPVX )
∑
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Backgrounds
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fakes: test in control regions

Performed test in Z+jets and W+jets events


By comparing the agreement between prediction and observation, we 
estimate a 20% systematic uncertainty on the fake prediction


https://cdsweb.cern.ch/record/1378491
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17


fakes: test in control regions

Performed test in Z+jets and W+jets events


By comparing the agreement between prediction and observation, we 
estimate a 20% systematic uncertainty on the fake prediction


https://cdsweb.cern.ch/record/1378491


Background: 
includes the contribution from other sources (Z/g*, diboson, single top)

Prediction: 
contribution from fakes prediction only. (
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Backgrounds
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Monte Carlo 
backgrounds


Dibosons (WW, WZ, ZZ)

Single top


Z/γ*  ττ + jets


Use a Control Region to compute 
a normalization 

factor between 


data and Monte Carlo


fakes
Drell-Yan


Measure fake rates of tracks 
coming from jets; add fake 

probability per jet in parent sample


Background contributions from Drell-Yan and fake track leptons are calculated with 
data-driven methods other backgrounds are determined using Monte Carlo samples
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Cross Section Results
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With the final yields from background expectation, data observation 

and signal selection efficiency, 


Signal selection 
efficiency  is measured 

in MC@NLO Monte 
Carlo sample, assuming 

a mt = 172.5 GeV
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Cross Section Results
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With the final yields from background expectation, data observation 

and signal selection efficiency, 
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Cross Section Results
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With the final yields from background expectation, data observation 


Cut&Count Method:


The final result is the combination of the different channels I introduced…


€ 

σtt =
Nobs −Nbkg

A • ε • Ldt∫

we compute the cross section:
and signal selection efficiency, 
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Top Quark Pair Production Cross Section
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Cross Section Results
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Published in Phys. Lett.B.

707 (2012) 459–477


arXiv:1108.3699
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Flavor Changing Neutral Currents


Events are selected by inclusive single electron or muon trigger.


Requirements on missing transverse energy, invariant mass  of different 
reconstructed objects, and b-tagging requirements are optimized for better 

signal efficiency vs. background rejection.


We have 2 orthogonal selections combined in the final result


2 leptons + track
 3 leptons


Select 2 leptons (e,µ) + track

Require at least one 


b-tagged jet


Select 3 leptons (e,µ)


23
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The selected track is orthogonal

 to other leptons in the event
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Flavor Changing Neutral Currents
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2 leptons + track

o  Select two leptons and one track


o  at least 2  jets with large transverse momenta 

One of them b-tagged


o  We should have at least two leptons with same sign, 

    same flavor (‘Z-candidate’) 


o  Large missing transverse energy (>20 GeV)
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Flavor Changing Neutral Currents


24


2 leptons + track

o  Select two leptons and one track

o  at least 2  jets with large transverse momenta 


One of them b-tagged

o  We should have at least two leptons with same sign, 

    same flavor (‘Z-candidate’) 

o  Large missing transverse energy (>20 GeV)


o  Reconstruct the objects by minimizing:


and looping over all jet and lepton 

assignments and pz neutrino values

(the missing transverse energy is taken 

to be the neutrino’s transverse momentum).
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Flavor Changing Neutral Currents


24


2 leptons + track

o  Select two leptons and one track


o  at least 2  jets with large transverse momenta 

One of them b-tagged


o  We should have at least two leptons with same sign, 

    same flavor (‘Z-candidate’) 


o  Large missing transverse energy (>20 GeV)


o  Reconstruct the objects by minimizing:


|mZ – 90 GeV| < 15 GeV, |mW – 80 GeV| < 30 GeV, |mt – 172 GeV| < 40 GeV
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Backgrounds
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Monte Carlo 
backgrounds


Dibosons (WZ, ZZ)


Background from processes with at least three  real leptons are determined 

using Monte Carlo samples. Backgrounds with at least one fake lepton 


are calculated with data-driven methods.
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Backgrounds
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Monte Carlo 
backgrounds


Dibosons (WZ, ZZ)


Use a Control Region to compute 
a normalization 

factor between 


data and Monte Carlo


fakes


Select dilepton + jets 
events in data, and 

add the fake 
probability per jet.


Background from processes with at least three  real leptons are determined 

using Monte Carlo samples. Backgrounds with at least one fake lepton 


are calculated with data-driven methods.


Same technique as 
in cross-section, 
different parent 

sample
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Measure fake rates of tracks 
coming from jets in a γ+jets 

control region.
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Backgrounds


26


Use a Control Region to compute 
a normalization 

factor between 


data and Monte Carlo


Fakes


Update the fake rates

(now using TLs and jets with pT > 25 GeV)
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Backgrounds
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Use a Control Region to compute 
a normalization 

factor between 


data and Monte Carlo


Fakes


Update the fake rates

(now using TLs and jets with pT > 25 GeV)
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New Control Region: two regions in ET
miss 


for 2 leptons + fake, one jet events

https://cdsweb.cern.ch/record/1416758
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Backgrounds
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Monte Carlo 
backgrounds


Dibosons (WZ, ZZ)


Background from processes with at least three  real leptons are determined 

using Monte Carlo samples. Backgrounds with at least one fake lepton 


are calculated with data-driven methods.


fakes


Measure fake rates of tracks 
coming from jets; add fake 

probability per jet in parent sample
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Data observation


28


Signal selection 
efficiency  is measured 

in TopRex signal 

Monte Carlo sample


Good agreement between data observation 

and expected Standard Model background
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Data observation
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2 leptons + track
 3 leptons


Remember that the 
2leptons+track is 
orthogonal to the


 3-leptons !


(overlapping events

 are removed)


2 leptons + track give a 22% gain wrt the 3-leptons channel alone.
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2 leptons + track
 3 leptons


2 leptons + track give a 22% gain wrt the 3-leptons channel alone.
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Data observation


30


Good agreement between data observation 

and expected Standard Model background
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distribution is 
normalized to 

the observed BR
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FCNC Results
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Good agreement between data observation 

and expected Standard Model background


No evidence for flavor changing neutral currents is found.


We derive 95% CL limits on the BR for this decay.

Statistical & systematic uncertainties are taken into account


Paper draft in circulation 

inside ATLAS


https://cdsweb.cern.ch/record/1439014
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Plans
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Physics Analysis


We expect about 10-15 fb-1 of 8TeV 
pp collisions data by the end of this 

year data taking. 


More BSM searches will 

become interesting!


Multi lepton SUSY searches,

t-tbar like resonances,
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Or even, if the Higgs is found, 
there’ll start a effort to measure the 

mass with better precision.




Arely Cortes-Gonzalez 


Meeting with Argonne National Lab.


ATLAS Group
 25 April 2012


Plans


32


Physics Analysis
 Upgrade & Performance


My early introduction to ATLAS 
was done with some tau-selection 
optimization studies done in the 
context of FTK, in collaboration 

with the Chicago group.
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Physics Analysis
 Upgrade & Performance


My early introduction to ATLAS 
was done with some tau-selection 
optimization studies done in the 
context of FTK, in collaboration 

with the Chicago group.


My experience in the DP&DQ group 
will be of use in the performance 
studies needed for the upgrades 
foreseen in the trigger and Tile 

Calorimeter.


We expect about 10-15 fb-1 of 8TeV 
pp collisions data by the end of this 

year data taking. 


More BSM searches will 

become interesting!


Multi lepton SUSY searches,

t-tbar like resonances,


Or even, if the Higgs is found, 
there’ll start a effort to measure the 

mass with better precision.
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Thank you!
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ATLAS Detector
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Other Cross Section Results
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Other FCNC searches
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TLs eta 


Cross Section
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